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Description 

Method, control device and. drive device for detaching a charge 
stuck to the inner wall of a grinding pipe 

The invention relates to a method for detaching a firmly 
adhering charge from the inner wall of a grinding pipe, in 
particular a tube mill, a control device for the drive device 
of a grinding pipe and also a drive device of a grinding pipe. 

Tube mills are used mainly for grinding materials such as ore. 
It is not unusual for the operation of a tube mill to be 
interrupted and the tube mill to be out of action for a 
relatively long period of time. This occurs for maintenance 
reasons, for example. During the standstill of the tube mill, 
the material present in the grinding pipe of the tube mill can 
consolidate and adhere firmly to the inner wall of the grinding 
pipe. Such firmly adhering, consolidated material stuck to the 
inner wall of the grinding pipe is referred to as frozen 
charge. When the tube mill is brought back into operation after 
a relatively long standstill, there is a risk that the frozen 
charge will become detached from the grinding pipe at great 
height, fall down and cause considerable damage to the tube 
mill when it then strikes the grinding pipe. 

Arrangements therefore exist which detect the presence of 
frozen charges and, when the presence of a frozen charge is 
detected, switch the tube mill off. Such an arrangement is 
described in German laid-open print DE 35 28 409 Al, for 
example . 
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If a frozen charge is detected and the tube mill is switched 
off, the frozen charge must then be removed, which is 
laborious. This is done, for example, by softening, by water 
being sprayed onto the frozen charge and/or using compressed- 
air hammers. Removal of a frozen charge requires an extremely 
great, for the most part manual, expenditure of work and is 
very time- intensive . 

It is an object of the invention to make the removal of a 
frozen charge possible in a simple efficient way. This object 
is achieved by a method according to patent claim 1, by a 
control device according to patent claim 13 and by a drive 
device according to patent claim 16. 

According to the invention, the drive device of the grinding 
pipe is used for loosening and detaching the frozen charge. By 
controlling or regulating the drive device of the grinding pipe 
for targeted detachment of the frozen charge, the grinding pipe 
is rotated in an angular range in which falling material does 
not cause damage to the grinding pipe or other components of 
the tube mill. Time-consuming manual actions can thus be 
dispensed with in most cases. 

Angle of rotation and speed of rotation of the grinding pipe 
are advantageously varied by the drive device. By targeted 
variation of the rotary movement, that is variation of 
acceleration and direction of rotation of the grinding pipe, 
the frozen charge is loosened and detached from the inner wall 
of the grinding pipe without causing damage to the tube mill. 
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A maximum value of the angle of rotation smaller than 18 0° is 
advantageously not exceeded. It is not possible for the 
grinding pipe to perform a complete revolution. 

A maximum value of the angle of rotation smaller than or equal 
to 90° is advantageously not exceeded. If the value of the 
angle of rotation is not greater than 90° , falling of the 
frozen charge is considerably less likely than in the case of 
larger values of the angle of rotation. 

The maximum value of the angle of rotation is advantageously 
dependent on the material nature of the frozen charge. The 
maximum value of the angle of rotation up to which falling of 
the frozen charge with great probability has no damaging 
effects on the tube mill or is even excluded often lies 
appreciably below 90°. In some cases, the maximum value of the 
angle of rotation will even have to be limited to relatively 
close to 0°. In order to make targeted detachment of the frozen 
charge possible on the one hand in as short a time as possible 
and on the other hand with the least possible risk, the maximum 
value of the angle of rotation is determined as a function of 
the material nature of the frozen charge. 

The angle of rotation is advantageously set to oscillate about 
at least one predetermined angle of rotation. 

The angle of rotation is advantageously set to oscillate about 
a number of predetermined angles of rotation with the same sign 
one after another. 
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The angle of rotation is advantageously set to oscillate about 
a number of predetermined angles of rotation with different 
signs one after another. 

The reciprocating movement of the grinding pipe according to 
the above embodiments of the invention causes the frozen charge 
to be detached relatively quickly from the inner wall of the 
grinding pipe, falling causing damage being avoided at the same 
time . 

The grinding pipe is advantageously braked abruptly at least 
once at a predetermined angle of rotation. The sudden reduction 
in the speed of rotation of the grinding pipe causes strong 
detaching forces caused by inertia to act on the frozen charge. 
After the grinding pipe has been braked once or a number of 
times, in particular during a downwardly directed movement 
phase of the frozen charge brought about by the rotation of the 
grinding pipe, the frozen charge and/or parts of the frozen 
charge will be detached from the grinding pipe and ideally 
continue to move downwards by sliding. 

The grinding pipe is advantageously braked abruptly to a 
standstill. Sudden, discontinuous variation of the speed of the 
grinding pipe to zero causes especially strong detaching forces 
caused by the inertia to act on the frozen charge. 

The same motor is advantageously used for detaching the frozen 
charge as for rotating the grinding pipe during grinding 
operation. By virtue of the fact that the same motor is used 
for driving the grinding pipe both during grinding operation 
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and for detaching the frozen charge, involved resetting and 
change-over operations are not necessary. 

The frozen charge is advantageously wetted. Detaching the 
frozen charge is made easier by spraying with water, for 
example. The consistency and the adhesiveness of the frozen 
charge are influenced expediently by wetting. 

The control device according to the invention advantageously 
has means for defining an operating cycle for the grinding 
pipe. In this way, targeted detachment of the frozen charge is 
essentially made possible largely automatically and without 
damage to the grinding pipe . 

The control device advantageously has a field-oriented 
regulating arrangement. Control or regulation of the drive 
device for targeted detachment of the frozen charge is thus 
simplified considerably. 

The drive device according to the invention advantageously has 
a motor which drives the grinding pipe both during grinding 
operation and for detaching the frozen charge. The construction 
of the drive device and the tube mill as a whole thus becomes 
simpler, more robust, more compact and more cost-effective. 

The motor of the drive device is advantageously coupled to a 
converter . 

The motor is advantageously a ring motor. The use of a gearless 
drive designed as a ring motor results in a more robust, lower- 
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maintenance tube mill and the system described for targeted 
detachment of the frozen charge being easy to implement . 

Further details of the invention are described by way of 
example below with reference to the drawings, in which 

FIG 1 shows the schematic construction of a 

tube mill, 

FIG 2 and FIG 3 show a section through the grinding 

pipe of a tube mill, and 

FIG 4 to FIG 6 show possible rotary movements of the 

grinding pipe for targeted detachment 
of a frozen charge. 

FIG 1 shows the schematic construction of a tube mill as is 
used for grinding ores, for example. The tube mill has a 
grinding pipe 1 which is coupled to a drive device 2 . 
Furthermore, a control device 3 which provides control and 
regulating signals to the drive device 2 is provided. The 
control device 3 can also receive and process signals, for 
example measurement signals, from the drive device 2 or other 
components of the tube mill. The grinding pipe 1 is preferably 
of drum- shaped design. The tube mill has bearing devices for 
the grinding pipe 1, which are not illustrated in greater 
detail in the drawing. 

The drive device 2 of the tube mill has at least one motor, 
which is designed as a ring motor, for example. The motor is 
coupled to a converter (not illustrated in greater detail) . The 
embodiment of the motor as a ring motor makes gearless drive of 
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the grinding pipe 1 and consequently particularly robust 
operation of the tube mill possible. 

The drive device 2 is preferably designed as a field-oriented 
polyphase machine, a field-oriented regulating arrangement 
being provided in the control device 3 . The field-oriented 
regulating arrangement is designed as a flux counter, for 
example . 

The tube mill normally functions in grinding operation, that is 
the drive device 2 drives the grinding pipe in such a way that 
the material present in the grinding pipe 1 is comminuted by 
the movement of the grinding pipe 1 . The material is loose 
during grinding operation and does not adhere to the grinding 
pipe 1. If grinding operation is interrupted for a relatively 
long time, the problem of the occurrence of frozen charges can 
arise, as described in the introduction. 

FIG 2 shows a section through the grinding pipe 1 of a tube 
mill, the grinding pipe 1 being surrounded by a drive device 2, 
here a schematically illustrated ring motor with a bearing 
device. The grinding pipe 1 is mounted rotatably about the axis 
of rotation 4 by means of the drive device 2 . The hatched 
region in the interior of the grinding pipe 1 represents a 
frozen charge 5 schematically. The frozen charge 5 is formed by 
material which has consolidated, baked, frozen, adhered, 
compacted, pressed or sintered together practically to form a 
rigid body during a relatively long standstill of the tube 
mill. In FIG 2, the center of gravity of the frozen charge 5 
has been deflected in relation to a starting position indicated 
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by cp 0 = 0° by the angle of rotation cp to an angle of rotation 
indicated by cpi . 

FIG 3 shows a frozen charge 5 of which the center of gravity 
has been deflected by the angle of rotation indicated by cp 2 - 
The direction of rotation illustrated in FIG 3 is opposite to 
the direction of rotation from FIG 2 . 

Deflections in a positive angle of rotation range 
cp 0 < cp <= 180° and deflections in a negative angle of rotation 
range -180° < cp < cp 0 are considered below. Accordingly, cpi in 
FIG 2 is a positive angle of rotation cp, and cp 2 in FIG 3 is a 
negative angle of rotation cp . 

The control device 3 shown in FIG 1 of the drive device 2 of 
the tube mill is, as described in the introduction, preferably 
designed in such a way that frozen charges 5 are detected at 
such an early stage that their falling is avoided by stopping 
the tube mill. Frozen charges can also be discovered visually, 
for example by an operator of the tube mill. 

If a frozen charge 5 is discovered, the frozen charge 5 is 
detached according to the invention, before grinding operation 
is restarted, by the drive device 2 of the grinding pipe being 
controlled in such a way that the frozen charge is detached in 
a targeted manner by varying the angle of rotation cp and the 
speed of rotation of the grinding pipe 1. In this connection, 
the same motor is preferably used as also drives the grinding 
pipe 1 during grinding operation. 
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When the frozen charge is being detached, the control device 3 
ensures that the value of the angle of rotation cp does not 
exceed a given maximum value. This prevents the frozen charge 5 
falling from too great a height and causing damage to the tube 
mill. The maximum value of the angle of rotation cp lies in the 
range 0° < | cp | < 180° and is advantageously determined as a 
function of the composition and the nature of the material of 
the frozen charge 5 . 

The maximum value of the angle of rotation cp can also be 
defined in the range 0° < | cp | < 90°. 

FIG 4 and FIG 5 show schematically the deflection of the 
grinding pipe 1 by the angle of rotation cp for targeted 
detachment of a frozen charge plotted over time t. In order to 
detach the frozen charge 5 from the inner wall of the grinding 
pipe 1, the grinding pipe 1 is deflected in a targeted manner 
from a starting position and then oscillates sinusoidally about 
the angles of rotation cpi and cp 2 . In the example shown, the 
starting position is at cp 0 = 0° but can also be defined 
differently. 

In FIG 5, a number of time periods Ti to T 4 are indicated. In 
each of these time periods T x to T 4/ the grinding pipe 
oscillates about a given angle of rotation cp x or cp 2 . 
Differently from illustrated by way of example in figures 4 and 
5, the amplitude of the oscillation of the angle of rotation cp 
about the angle of rotation cpi or cp 2 can also vary or be 
varied. In this connection, the amplitude can be variable 
within the time periods T x to T 4 and/or in comparison of the 
time periods Tx to T 4 with one another. 
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It is possible for the grinding pipe 1 to oscillate about one 
or more positive angles of rotation cpi . It is also possible for 
the grinding pipe 1 to oscillate about one or more negative 
angles of rotation cp 2 . The grinding pipe 1 can also be set to 
oscillate about one or more positive and about one or more 
negative angles of rotation cpi and cp 2 . 

The control device 3 shown in FIG 1 for the drive device 2 
preferably has means for defining an operating cycle for the 
grinding pipe 1 in order to control or regulate the movement of 
the grinding pipe 1 as described above. 

The detachment of the frozen charge 5 can be supported by 
supplying water. If the frozen charge 5 is wetted, it is 
detached more easily from the inner wall of the grinding pipe 
1 . 

FIG 6 shows schematically how the grinding pipe 1 is first set 
in motion and then braked abruptly from the movement several 
times. As shown in the figure, the braking can take place in 
such a way that the grinding pipe 1 comes to a standstill for a 
limited time, or also in such a way that it abruptly slows down 
its speed of rotation considerably. A change in direction of 
rotation can also take place. During abrupt braking of the 
grinding pipe 1, the inertia of the frozen charge 5 has a 
detaching effect on it . 

The basic idea of the invention can be summarized essentially 
as follows: 
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The invention relates to a method for detaching a frozen charge 
5 from the inner wall of a grinding pipe 1, the drive device 2 
of the grinding pipe 1 being controlled by a control device 3 
for targeted detachment of the frozen charge 5. In this 
connection, the grinding pipe 1 is rotated in a targeted manner 
in such a way that the frozen charge 5 is detached from the 
inner wall of the grinding pipe 1 by repeated variation of the 
speed of rotation of the grinding pipe 1 and if appropriate by 
abrupt braking of the grinding pipe 1. In this connection, an 
as a rule material -dependently determined maximum angle of 
rotation cp of the grinding pipe 1 is not exceeded, in order to 
avoid uncontrolled falling of the frozen charge 5. The 
invention renders labor-intensive and time-consuming methods 
for detaching the frozen charge 5 unnecessary, as it can be 
detached by the same motor of the drive device 2 as is also 
used during grinding operation for driving the grinding pipe 1. 

The invention also relates to a drive device 2 for a grinding 
pipe 1 and a control device 3 for such a drive device 2 . 



AUS01 :435645 . 1 



